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Introduction 24 Worldwide, colorectal cancer (CRC) is one of the most common malignant tumors of the 25 digestive system. With economic developments, and changes in eating habits and lifestyles, the 26 incidence and mortality rates are increasing year by year, and the age of onset is decreasing [1] . 27 The occurrence of CRC is a complex multi-gene, multi-step and multi-stage process that requires 28 the interaction of numerous genes, and includes oncogene activation and inactivation of tumor 29 suppressor genes [2] . Therefore, finding the core genes that regulate the development of CRC 30 and effective therapeutic targets are the focus of current research. 31 Weighted Gene Co-Expression Network Analysis (WGCNA) is an analytical method used for 32 complex samples [3] . It is an algorithm for module information using high-throughput 33 sequencing data. In this method, a module is defined as a group of genes with similar expression 34 profiles. If some genes consistently have similar expression changes in a physiological process or 35 in different tissues, then we have reason to believe that these genes are functionally related, and 36 they are then defined as a module. When a gene module is defined, we can use the results to 37 study the correlation between module and clinical characteristics, find the most relevant gene 38 module, and focus on analysis [4] . 39 In this study, a co-expression net was constructed based on a dataset comprising 2000 genes 40 from 148 human CRC samples using the WGCNA method. Correlations were analyzed between 41 each module and the clinical functions of genes were detected within these modules. The genes 42 found in our study that were highly correlated with tumor progression may be beneficial to the 43 88 The gene expression Series Matrix File of the CRC datasets was downloaded from the GEO data 89 repository (http://www.ncbi.nlm.nih.gov/geo). The dataset GSE21510 contained a total of 148 90 samples, and the microarray platform was GPL570. We used GEO2R for different expression 91 gene analysis and identified that the P value of 45198 genes was greater than 0.05. WGCNA was 92 restricted to 2000 genes, We sorted the differential genes by P value and analyzed the first 2000 93 genes. The 2000 genes were further investigated as input for hierarchical clustering analysis, 94 which was performed using the function flashClust. We found that the 148 samples yielded two 95 main clusters (Fig. 1A) , where tumor samples became one cluster, and the other normal samples 96 yielded the other one.
97 Constructing a co-expression network 98 WGCNA was utilized to analyze the dataset comprising 2000 genes taken from 148 samples. 99 When constructing WGCNA, it is necessary to select the soft threshold power to improve co-100 expression adjacent gene similarity screening. In order for WGCNA to have a relatively balanced 101 scale-independent and average connectivity, we first performed a network topology analysis on 102 various soft threshold powers. The lowest power 12 with a scale-free topological fit index of 103 0.90 was selected (Fig. 1B) , and a hierarchical clustering tree of 2000 genes was generated (Fig.   104 1C) .
105 Correlation between each module and clinical traits 106 Based on the clustering dendrograms and network heatmap plot of genes（Fig. 2A and 2B), 107 three modules were constructed, and each was shown in a different color. Each module showed 108 independent validation to one other. The results indicate that one turquoise module was 109 significantly associated with CRC clinical metastasis traits（Fig. 2C). The gray gene modules 110 were ignored in this study because the housed genes did not belong to any modules. In addition, 111 we plotted the scatter plot of the gene signal and module members and found that the most 112 relevant to the metastasis trait is the turquoise module gene (Fig. 2D and 2E ).
113 Module visualization and hub genes 114 We imported the turquoise module gene and its correlation file into Cytoscape software to 115 analyze the hub genes. Cytoscape software identified the top three hub modules that included 116 CYTH1, LOC157273 and RP11-744D14.2, and the hub genes in the three modules were 117 yellowed (Fig. 3) .
118 Down-regulation of CYTH1 mRNA in CRC tissues and cells 119 CYTH1 was significantly down-regulated in CRC tissues compared to adjacent tissues based on 120 the Oncomine microarray dataset and web-based data-mining platform (Fig. 4A) . We further 121 evaluated the expression levels of CYTH1 in six CRC cell lines including LOVO, DLD-1, Caco2, 122 HT29, SW620 and SW480. Compared to normal colorectal epithelium cells NCM460, the 123 expression levels of CYTH1 were down-regulated in all investigated CRC cell lines (Fig. 4B) .
124 Discussion 125 The main purpose of this study was to use a global approach to construct a gene co-expression 126 network to predict candidate gene clusters involved in the mechanism of CRC metastasis. 127 WGCNA is a systematic biological method used to describe the pattern of gene associations 128 between different samples, and it can be used to identify highly relevant gene sets. Compared to 129 genes that only focus on differential expression, WGCNA uses the most variable genetic 130 information to identify genes of interest, and conducts a significant association analysis with the 131 phenotype. Not only is the information fully utilized, the association of genes and phenotypes is 132 linked to the association of several gene sets with phenotypes. This study analyzed gene 133 expression data using the WGCNA method. Due to the limitation on the number of input genes, 134 we selected 2000 genes with the largest differences. WGCNA was applied to investigate 2000 135 different expression genes from 148 samples acquired from a dataset obtained from the NCBI. 136 We then analyzed this gene and finally identified three gene modules. 137 The main biological characteristics of malignant tumors are their invasiveness and their 138 metastasis process, which are the main causes of recurrence and death in cancer patients. CRC's 139 metastasis process is dynamic and complex, and the mechanism involved is very complicated. 140 To analyze the relevant gene sets of CRC metastasis, we used the WGCNA method to link the 141 obtained module to clinical traits, and found that the turquoise module is most closely related to 142 metastasis. We imported the turquoise module genes into Cytoscape for analysis and obtained 
